It has been possible to demonstrate at cellular level the biogenic catecholamines by the fluorescence microscopical method introduced by FALCK and HILLARP. With this method, CARLSSON et al. (1964) and DAHLSTROM et al. (1965 b, c) have investigated the thoracic spinal cord of the rat and demonstrated that there exist in the lateral funiculus fluorescent descending fibers terminating segmentally at the ipsilateral thoracic lateral horn sells, some of which run along the grey commissure to innervate the contralateral ones, and that a few enter directly into the thoracic anterior roots without any relays on interneurons.
In the present paper the author shows some new results of the study of all the segments of the dog spinal cord, with special reference to whether catecholaminergic neurons exist among the autonomic cells in the intermediate column.
Materials and Methods
The thoracic and sacral segments of the spinal cord of 25 dogs together with their nerve roots, were examined. In 12 dogs ventral and dorsal rhizotomies were performed proximal to the spinal ganglion on the right side at the level of the 4th, 8th, 9th and 10th thoracic segments and the 1st, 2nd and 3rd sacral segments.
Some cases were combined with mechanical compresion of the spinal cord at the level of C8. All procedures were executed by a posterior approach under pentobarbital sodium anesthesia. The animals thus rhizotomized were sacrificed after 2, 4 and 6 days. The rhizotomized segments of the thoracic and sacral cord, together with the proximal and distal parts of their rhizotomized roots, were removed for examination.
Some of the animals, operated and not operated on, were treated with a potent monoamine oxidase inhibitor nialamide (500mg/kg, intravenously, 5 to 6hrs before sacrificing), or with either nialamide and L-DOPA (50mg/kg, i. v., 2 to 3hrs before)
were treated with reserpine (10mg/kg, i. v., 4hrs). Further, 4 dogs were treated with nialamide coupled with the injection of DA (25mg/kg, 1hr) or NA (0.1mg /kg, 1/2hr) into the lateral ventricle of the brain by trepanation.
The specimens Abbreviations used. DA=dopamine, NA=noradrenaline, 5-HT=5-hydroxytryptamine, DOPA= 3, 4-dihydroxyphenylalanine, CA=catecholamine.
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were rapidly frozen by direct immersion in an isopentane-dry ice mixture and were paraformaldehyde, which had been stored for 7 days in an atmosphere of 80% for 1hr. The specimens were then infiltrated with paraffin in vacuo and embedded, generally followed the techniques described by DAHLSTROM and FUXE (1965 a), and CORRODI and JONSSON (1967) . Both cross and longitudinal sections were made. Fluorescence microscopy was performed with an Ultraphot II (Zeiss) with a HBO 200 high pressure mercury lamp, a BG 12 excitation filter, a dark-field condenser for immersion oil, and a Zeiss 50 barrier filter.
After examination and microphotography with the fluorescence microscope the sections were also examined with a phase contrast microscope. Further, a large number of these sections were stained with hematoxylin-eosin or toluidine blue for identification and localization of fluorescence materials. The ventral column, especially its anterior half, contains numerous fluorescent NA and 5-HT fibers. These fine, bead-like varicose fibers and terminals are distributed in the grey matter evenly and do not concentrate in any particular portion. The fluorescent fibers, both NA and 5-HT axons, terminate on the perikarya and dendritic processes of the anterior horn motor cells within the ventral column. These fluorescent fibers seem to arise mainly from within the ventral horn, partly from the ventral part of the lateral funiculus and from the anterior funiculus (Fig.  1) . The central grey matter exhibits generally very few fluorescent fibers, but some NA and 5-HT fibers are constantly observed under the ependyma of the central canal. A few fluorescent fibers run along the posterior grey commissure (Fig. 2) . In the substantia gelatinosa of the posterior horn many fluorescent dots are observed; they are the cross sections of the descending fluorescent fibers (Fig. 3) .
The preganglionic sympathetic nerve cells in the lateral column of the thoracic cord are rather small in size, spindle-shaped and non-fluorescent, but they are surrounded by the highest density of NA and 5-HT terminals.
The noradrenergic varicosities mainly terminate on the ventral group of the cells in the lateral horn, while the 5-HT terminals do so dorsally.
Some of these terminal axons seem to originate directly from the ipsilateral lateral funiculus, and others from the contralateral lateral funiculus via the posterior central grey commissure (Fig. 4, 5) . In longitudinal sections, groups of these fluorescent terminals of the lateral column exhibit a bead-like arrangement.
Some of them are observed to arise from the descending fluorescent fibers in the lateral funiculus after pretreatment with nialamide. These fluorescent thin fibers, which generally show fluorescence too weak to be observed without any pretreatment, are found in high density in the dorsal part 
Sacral cord
Grey substance reveals numerous greenish fluorescent terminal axons, especially in the ventrolateral part of the ventral horn and in the superficial zone of the dorsal horn. The fluorescent terminal fibers in the ventral horn make synaptic contacts with the anterior horn cells. In the dorsal horn they appear as crosssectional views of the short descending fibers. Dense accumulations of the fluorescent terminals are observed in the intermediomedial and intermediolateral regions of the lateral column (Fig. 7) . There are no fluorescent cell bodies throughout the sacral cord. The descending fluorescent fibers, smaller in number than in the lumbar or thoracic cord, exist mainly in the dorsal part of the lateral funiculus, partly in the ventral portion and fewer in the anterior funiculus. In ventral roots some unmyelinated fluorescent fibers exist, but they are scarce in the dorsal roots and the spinal ganglia.
B. Experimental Conditions 1. Nialamide treatment:
Four hrs after nialamide administration the fluorescence in all varicose fibers throughout the thoracic and sacral cords were intensified, while no fluorescence developed in the perikarya of the nerve cells (Fig. 8) The unmyelinated fluorescent nerve fibers in the ventral roots were also observed clearly.
administration resulted in the same changes as mentioned above, namely an increase in fluorescence intensity. In addition, a slight increase of greenish fluorescence in the background was observed (Fig. 9 ). Capillary walls in the spinal cord also developed a bit of green fluorescence.
3. Administration of noradrenaline or dopamine into the lateral ventricle of the brain coupled with intravenous nialamide: Noradrenaline or dopamine was administrated by injection directly into the ventricle, because these compounds are considered to be unable to penetrate the blood-brain barrier. Neither noradrenaline nor dopamine produced any significant changes on the fluorescence microscopical views of the thoracic and sacral cords (Fig. 8) . 5. Rhizotomy of the thoracic and sacral roots: Animals rhizotomized 2, 4 and 6 days before being sacrificed were used. In the rhizotomized ventral roots proximal to the lesion, a slight degree of accumulation of fluorescent materials emerged in the unmyelinated fluorescent nerve fibers (Fig. 10 ). Sometimes these fluorescent fibers could be traced up to the white matter, not to the grey matter.
Four days after rhizotomy a marked retrograde cell degeneration with swelling, chromatolysis, and nuclear membrane shrivels occurred in the majority of the nerve cells in Drug administrations combined with rhizotomy added no other changes in the fluorescence than drug effects which were observed in the unrhizotomized animals.
6. Compression of C8: One week after the mechanical compression of the spinal cord at the level of C8, all fluorescent structures in the spinal cord and the fluorescent fibers in the ventral roots disappeared bilaterally below the lesion. Therefore, their trophic center may occur in some supraspinal locus and its fibers may descend in the lateral funiculus.
Discussion
According to several reports on the histochemistry of the mammalian spinal cord, the intermediolateral horn cells of the thoracic cord show uniformly strong activity of acetylcholin-esterase (KOELLE, 1954; ROESSMAN and FRIEDE, 1967; RODRIGUEZ, 1967) . KOELLE (1965) , who proposed the dual action of acetylcholine on cholinergic synapses, found the AchE-poor terminals in the sympathetic ganglia, in addition to the AchE-rich presynaptic terminals. He explained that these preganglionic fibers contained, as a "true" transmitter, some substance other than acetylcholine, which seemed to be noradrenaline.
Furthermore, a high monoamine oxidase activity in the lateral horn of thoracic cord has been demonstrated by HASHIMOTO (1962) and RODRIGUEZ (1967) . These may suggest that the lateral horn cells contain abundant catecholamines as the substrates of monoamine oxidase. According to the histochemical study of the superior cervical ganglion by HARKONEN (1964) The adrenergic axons without these terminal portions have usually a very low content of noradrenaline, and consequently the intensity of fluorescence of these fibers at the normal condition is low so that it is difficult to identify them. According to the findings of ERANKO and HARKONEN (1965) and DAHLSTROM (1965) , who studied the accumulation of catecholamine in the proximal terminal stump after the sectioning of the sympathetic nerve fibers, the transmitter is thought to be produced in the cell bodies and transported by proximo-distal axoplasmic flow from perikarya to nerve terminals. As aforementioned, the transmitter NA accumulates at 1-30 days after axotomy proximally and rarely distally to the lesion, and the proximal catecholaminergic fibers show intense fluorescence often traceable up to the trophic center of the sectioned nerve fibers. In our present work, in spite of the increase of fluorescence in the catecholaminergic fibers, the primarily nonfluorescent myelinated fibers in the ventral roots acquired no fluorescence after rhizotomy. or NA (intraventricularly), coupled with nialamide, did not produce any fluorescent materials in the neurons of the intermediate column in the thoracic cord. It is probable, therefore, that these preganglionic neurons have not the specific activities which take up or synthesize catecholamines.
These results could not suggest that catecholamine is a substrate of monoamine oxidase of high activity in the sympathetic preganglionic neurons. Even if the preganglionic neurons possess catecholamine, its quantity may be less 1967). This low concentration of catecholamine might play no physiological role in synaptic transmission, as we belive, in comparison with the higher content of CA and HAMBERGER, 1964). In the cervical and thoracic spinal medulla there are numerous descending fluorescent unmyelinated fibers in the anterior and lateral funiculi. These fibers, especially those descending in the dorsal part of the lateral funiculus, were seen to turn to the grey column at every segment in order to terminate at the lateral horn cells which appear in the segments from Th1 to L5. These fluorescent fibers, whose varicosities terminate at the lateral horn cells of the thoracic cord, are in accordance with the inhibitory pathways proposed by LIM, WANG and YI (1938) , the latter originating from neurons in the vasodepressor region of the medulla oblongata and descending in the dorsal portion of the lateral funiculus of the spinal cord.
In the ventral roots of the thoracic cord proximal and sometimes distal to the site of rhizomy there are several unmyelinated fibers with a fairly strong intensity of specific fluorescence; these being difficult to detect in the normal animals. Some of these fibers could be traced upwards to the spinal cord-not to the grey matter, but to the lateral funiculus, as in rats reported by DAHLSTROM and FUXE (1965 c) . These descending fibers were proven to have specific fluorescence on the basis of sodium borohydride reduction (CORRODI and JONSSON, 1967) . From the proximodistal axoplasmic-flow theory, these fibers seem to have their trophic center at a certain supraspinal locus. And they descend in and leave the spinal cord without any relays on interneurons. These observations are in agreement with the experimental evidence derived by BECK (1964) that, the inhibitory fibers to the peripheral sympathetic system pass down the spinal cord from the medulla oblongata and emerge via the sympathetic rami (Fig. 11) 
